INTRODUCTION
============

Patients with sensorineural hearing loss (SNHL) tend to suffer deterioration of speech intelligibility with progressive elevation of their hearing threshold \[[@B1][@B2]\]. However, speech intelligibility often varies among such patients with similar levels of hearing loss (HL). SNHL can be caused by many types of cochlear and/or retrocochlear pathologies, so that the deterioration of speech intelligibility may depend on the type of pathology. For example, speech intelligibilities tend to be worse in patients with retrocochlear lesions than in patients with cochlear lesions among subjects with similar hearing thresholds \[[@B3][@B4][@B5][@B6]\]. Recent findings of auditory neuropathy have suggested that the involvement of inner hair cells could manifest as the same types of HL as retrocochlear HL, even as the HL due to impairment within the cochlea \[[@B7][@B8][@B9][@B10][@B11]\]. In other words, one possible explanation for the variation in speech intelligibilities among patients with similar levels of SNHL may be the different degree of involvement of the inner hair cells and/or cochlear nerves in addition to the outer hair cells. On the other hand, the auditory brainstem response (ABR) is very sensitive to the many types of pathology causing retrocochlear type HL, such as vestibular schwannoma, auditory neuropathy, multiple sclerosis, etc. \[[@B12][@B13][@B14][@B15][@B16][@B17][@B18]\]. Therefore, speech intelligibility should correlate with deterioration of the ABR if the variation in speech intelligibility is related to the severity of neural (cochlear nerve) and/or inner hair cell pathology in patients with SNHL. To test this hypothesis, the present study retrospectively examined the relationships between speech intelligibilities among patients with similar levels of SNHL and threshold elevation of the ABR in patients with SNHL other than apparent retrocochlear lesions as auditory neuropathy, vestibular schwannoma and the other brain lesions.

MATERIALS AND METHODS
=====================

Subjects
--------

The present study was based on the data of 186 ears from 99 patients (50 males and 49 females; mean, 56.3±13.8 years; range, 23 to 80 years) who underwent speech audiometry as well as ABR measurement for the assessment of hearing difficulty in the Department of Otolaryngology-Head and Neck Surgery, Tohoku University Hospital since 2010. From this database, data fulfilling the following two criteria were selected: four-frequency average of pure tone air-conduction thresholds at 500, 1,000, 2,000, and 4,000 Hz (four-frequency pure tone average \[PTA\]) was worse than 25-dB HL; and absence of apparent retrocochlear pathology (auditory neuropathy, vestibular schwannoma, and the other brain lesions, etc.) and/or functional HL, based on the routine clinical examinations including the speech audiometry, Békésy audiometry, ABR, distortion product otoacoustic emissions (DPOAEs) and magnetic resonance imaging. Finally, 66 ears of 47 patients (24 males and 23 females; mean, 59.2±14.9 years; range, 25 to 80 years) were selected for analysis in the present study. No patient had any apparent abnormality in middle ear function based on the routine audiometry (air and bone conduction) and otoscopic findings.

The present study was approved by the Ethical Committee of the Tohoku University Graduate School of Medicine. All parts of the present study were performed in accordance with the guidelines of the Declaration of Helsinki.

Speech audiometry
-----------------

Speech audiometry was conducted according to the standard method advocated by the Japan Audiological Society. A list of 20 Japanese monosyllables, compiled by the Japan Audiological Society and referred to as List 67-S, was used as the stimuli for speech audiometry. The level of the speech stimuli was elevated in 10-dB steps until the maximum percentage of correct answers was obtained at a sound level not exceeding 100 dB. The order of test stimuli for each sound level was randomly changed. Speech intelligibility was assessed by means of performance (percentage correct)-intensity (P-I) curves. The effects of HL on the P-I curves could be assessed by speech recognition threshold (50% correct level) as well as maximum speech intelligibility. However, speech recognition threshold could not be assessed in patients with maximum speech intelligibility of less than 50%, so the maximum speech intelligibility was assessed in such patients.

Auditory brainstem response
---------------------------

ABRs were recorded using a silver electrode placed on the mastoid and referred to the vertex. Measurements were conducted in a sound-proof room. Click stimuli were presented through an ear receiver at 10 Hz. Click phases were reversed alternately. The responses to 1,000 stimuli were filtered with a band pass filter of 50-3,000 Hz, then amplified and averaged using a signal processor (Neuropack S1 MEB 9402, Nihon Kohden, Tokyo, Japan). The level of click stimuli was usually decreased in 10-dB steps from 105-dB nHL until the responses were visually undetectable. The visual detection threshold was defined as the lowest sound pressure level to obtain wave V of the ABR visually. Judgments of visual detection were conducted by the same experienced physician who was unaware of any other clinical information.

Since the threshold of click-evoked ABR is well known to be correlated with the psychophysical threshold at 2,000 and 4,000 Hz \[[@B19][@B20]\], the difference between the threshold of the ABR and the two-frequency average of the pure tone air-conduction thresholds at 2,000 and 4,000 Hz was used as an indicator of the degree of deterioration of the ABR.

Distortion product otoacoustic emissions
----------------------------------------

Some patients had undergone DPOAE measurement with a GSI 70 Automated OAE System (RS 32 marketed by RION Company, Kokubunji, Tokyo, Japan) at 2f~1~-f~2~ carried out at 1,500, 2,000, 3,000, 4,000, 5,000, and 6,000 Hz of f~2~. The frequency ratio of f~1~/f~2~ was 1.2, and the levels of primaries were 65 dB (L~1~) and 55 dB (L~2~), respectively.

RESULTS
=======

The relationship between the four-frequency PTA and the maximum speech intelligibility is shown in [Fig. 1](#F1){ref-type="fig"}. Although a significant correlation was generally observable between the PTA and maximum speech intelligibility, the maximum speech intelligibilities appear to vary greatly, especially around the PTA level of 60 dB. To examine the relationships between speech intelligibilities among patients with similar levels of SNHL and threshold elevation of the ABR variety, the maximum speech intelligibility is plotted as a function of the deterioration of the ABR (threshold difference between the ABR and average pure tone thresholds at 2,000 and 4,000 Hz) in [Fig. 2A](#F2){ref-type="fig"}, for 12 selected ears from 10 patients with PTA equal or greater than 55 dB and less than 65 dB ([Fig. 1](#F1){ref-type="fig"}). There was a significant relationship between maximum speech intelligibility and deterioration of the ABR. Significant levels of DPOAEs could not be obtained in any of the patients in whom DPOAEs were examined ([Fig. 2A](#F2){ref-type="fig"}, closed circles). Auditory thresholds (250-4,000 Hz) of these 12 ears are presented in [Fig. 2B](#F2){ref-type="fig"}.

DISCUSSION
==========

Although the data examined in the present retrospective study were relatively few and although further analysis based on a greater number of prospective data might be necessary, the present study found a significant correlation between deterioration of the ABR and maximum speech intelligibility consistent with our hypothesis that variation in speech intelligibilities among patients with similar levels of SNHL is related to the severity of the involved neural (cochlear nerve) and/or inner hair cell pathology in patients with SNHL.

In the present study, SNHL without apparent retrocochlear pathology was examined. However, even in these patients, every component in the auditory system, including the outer and inner hair cells (sensory), cochlear nerve (neural), stria vascularis (strial), etc., could be involved in the development of SNHL \[[@B21][@B22][@B23][@B24]\], although the outer hair cells are believed to be one of the most vulnerable component in most pathologies \[[@B25][@B26][@B27][@B28][@B29]\]. Since dysfunctions of the inner hair cells and/or auditory neurons may be a cause of severe deterioration of ABR and speech intelligibility \[[@B3][@B4][@B5][@B6][@B12][@B13][@B14][@B15][@B16][@B17][@B18][@B21]\], the severity of inner hair cell and/or cochlear nerve damage is likely to be correlated with deterioration of speech intelligibility and/or the ABR in patients with SNHL.

Because deterioration of the ABR is observable from the early stage of various retrocochlear neural pathologies such as auditory neuropathy, vestibular schwannoma, etc. \[[@B3][@B4][@B5][@B6][@B12][@B13][@B14][@B15][@B16][@B17][@B18]\], we assumed that the ABR could be a sensitive indicator to assess the presence or absence of retrocochlear type pathology (i.e., pathologies of inner hair cells and/or auditory nerves). Our present findings as shown in [Fig. 2A](#F2){ref-type="fig"} appear to support this hypothesis that greater inner hair cell and/or cochlear nerve damage is associated with greater deterioration in speech intelligibility, even in patients with the same hearing threshold level.

Since the reduction of endocochlear potential affects both the inner and outer hair cells by reducing their driving voltage, the combined dysfunction of the inner and outer hair cells could also result from decreased endocochlear potentials because of dysfunction of the stria vascularis \[[@B21][@B22]\]; i.e., disturbance of stria vascularis may be another factor causing greater deteriorated speech intelligibility as well as higher threshold of the ABR. Based on single unit studies, if the cochlear damage is limited to the outer hair cells, the response thresholds will not exceed around 60 dB and the neural response is even better than in the normal cochlea, and may respond to sound at the supra-threshold level \[[@B30]\]. On the other hand, neural response could deteriorate much more severely with involvement of inner hair cell damage and decreased endocochlear potentials \[[@B30]\], which presumably affect the formation of gross neural potentials (i.e., ABR). At present, the presence or absence of the involvement of stria vascularis is very difficult to distinguish clinically in patients with HL, but such disturbance of the stria vascularis may be present in patients with greater deterioration of the ABR and speech intelligibility among the patients with similar levels of HL.
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![Relationship between the four-frequency average of the pure tone air-conduction thresholds at 500, 1,000, 2,000, and 4,000 Hz (four-frequency PTA) and the maximum speech intelligibility. Significant correlation was observed between the PTA and maximum speech intelligibility (coefficients of correlation assessed by IBM SPSS ver. 21.0 are shown in the lower right). Inserted vertical dotted lines at 55 and 65 dB indicate the region in which the maximum speech intelligibilities appear to be relatively varied and further analysis was conducted as shown in [Fig. 2](#F2){ref-type="fig"}. PTA, pure tone average; HL, hearing loss.](ceo-8-189-g001){#F1}

![(A) Relationship between the maximum speech intelligibility and the degree of the deterioration of ABR (threshold difference between ABR and average pure tone thresholds at 2,000 and 4,000 Hz), in 12 selected ears from 10 patients with PTA equal or greater than 55 dB and less than 65 dB ([Fig. 1](#F1){ref-type="fig"}). Significant correlation was observable (coefficients of correlation assessed by IBM SPSS ver. 21.0 are shown in the lower right). (B) Auditory thresholds (250-4,000 Hz) of these 12 ears are presented. Auditory thresholds of 4 ears with deteriorated ABR are shown as thick lines. ABR, auditory brainstem response; DPOAE, distortion product otoacoustic emission; PTA, pure tone average; HL, hearing loss.](ceo-8-189-g002){#F2}
